must then consider either the absolute value of the C" (p,pl) cross section or that of the AP7(p, 3prs) cross section (or both) to be in error. We have rather arbitrarily chosen to base our data on the 10.8-mb value for the AP'(p, 3prs) cross section at 420 Mev. Figure 1 shows that the cross section of the C" (p,pcs) C" reaction is a fairly insensitive function of the energy of the incident proton in the energy range studied here. Since similar results were found for the production of Na", Na", and F" from aluminum and for Be~f ormation from carbon, 6 it appears to be generally true that the probability of ejecting a small number of nucleons from a small nucleus remains substantially constant over a range of bombarding energies from a few hundred Mev to at least 3 Bev. This implies that the probability that the incident particle leaves behind a relatively small amount of energy ( & 100 Mev) in the ieitia/ interaction with the nucleus is relatively constant over the wide energy range studied. However within this energy range meson production increases very markedly with energy and becomes a probable process. If the nucleus is large these mesons would have a good chance of being reabsorbed in the nucleus in which they were produced. This would result in a shift of the maximum in the total energy deposition spectrum to higher values, and reactions in which only a small 'Hudis, Wolfgang, and Friedlander (unpublished). (Received June 28, 1954) It is pointed out that the usual principle of invariance under isotopic spin rotation is not consistant with the concept of localized fields. The possibility is explored of having invariance under local isotopic spin rotations. This leads to formulating a principle of isotopic gauge invariance and the existence of a b Geld which has the same relation to the isotopic spin that the electromagnetic Geld has to the electric charge. The b Geld satisGes nonlinear differential equations. The quanta of the b field are particles with spin unity, isotopic spin unity, and electric charge +e or zero.
6 it appears to be generally true that the probability of ejecting a small number of nucleons from a small nucleus remains substantially constant over a range of bombarding energies from a few hundred Mev to at least 3 Bev. This implies that the probability that the incident particle leaves behind a relatively small amount of energy ( & 100 Mev) in the ieitia/ interaction with the nucleus is relatively constant over the wide energy range studied. However within this energy range meson production increases very markedly with energy and becomes a probable process. If the nucleus is large these mesons would have a good chance of being reabsorbed in the nucleus in which they were produced. This would result in a shift of the maximum in the total energy deposition spectrum to higher values, and reactions in which only a small 'Hudis, Wolfgang, and Friedlander (unpublished) . number of particles are ejected would become less likely. Such an eGect has been observed in our studies on heavier nuclei. ' However, in a small nucleus reabsorption of mesons would be a much less important mode of depositing excitation energy because of their greater escape probability. Thus it becomes plausible that while the increasing dominance of meson processes decreases the cross sections for relatively simple reactions in heavy target nuclei, the cross sections for similar reactions of light nuclei remain almost unchanged. Condon, and Present, Phys. Rev. 50, 825 (1936) . J.
Schwinger pointed out that the small diAerence may be attributed to magnetic interactions /Phys. Rev. 78, 135 (1950) ).
The total isotopic spin T was Grst introduced by E. Wigner, Phys. Rev. 51, 106 (1937) ; B. Cassen and E. U. Condon, Phys. Rev. 50, 846 (1936 We wish to point out that an entirely similar situation arises with respect to the ordinary gauge invariance of a charged field which is described by a complex wave function P. A change of gauge' means a change of phase factor P +f', f'= (expi-n)g, a change that is devoid of any physical consequences. Since f may depend on x, y, s, and t, the relative phase factor of P at two different space-time points is therefore completely arbitrary.
In other. words, the arbitrariness in choosing the phase factor is local in character.
Ke deGne isofoPic gauge as an arbitrary way of choosing the orientation of the isotopic spin axes at all spacetime points, in analogy with the electromagnetic gauge which represents an arbitrary way of choosing the complex phase factor of a charged field at all space-time points. We then propose that all physical processes (not involving the electromagnetic Geld) be invariant under an isotopic gauge transformation, P~f', P'= S Q, where S represents a space-time dependent isotopic spin rotation.
To preserve invariance one notices that in electro-4T. Lauritsen Ii""'=5'Ii",S B"=2b"T. =2"+e '(Bn/Bx") of the electromagnetic field.
BJ"/Bx"= -2eb"XJ".
If we define, however, 3"=J"+2eb"Xf"", then (12) leads to the equation of continuity, To quantize, it is not convenient to use the isotopic gauge invariant Lagrangian density (11).This is quite similar to the corresponding situation in electrodynamics and we adopt the customary procedure of using a Lagrangian density which is not obviously gauge invariant: (16) 1 Bb"Bb"Bb" Equation (15) shows that the isotopic spin arises both from the spin-rs field (J") and from the b" field itself.
Inasmuch as the isotopic spin is the source of the b field, this fact makes the field equations for the b field nonlinear, even in the absence of the spin--, 6eld. This is diferent. from the case of the electromagnetic field, which is itself chargeless, and consequently satisfies linear equations in the absence of a charged 6eld.
The Hamiltonian derived from (11) is easily demonstrated to be positive definite in the absence of the field of isotopic spin -, . The demonstration is completely identical with the similar one in electrodynamics.
We must complete the set of equations of motion (12) and (13) by the supplementary condition, Bb"/Bx"=0,
which serves to eliminate the scalar part of the field in b". This clearly imposes a condition on the possible isotopic gauge transformations. That is, the indnitesimal isotopic gauge transformation S=1 -i~8u must satisfy the following condition:
2b"X -Res+-les=0. H~"--2e(b;Xb ) II, -2e(b"Xb;) (Bb"/Bx;) +e'(b;Xb.)' -J"b".
The Fig. 1 , instead of only one type as in quantum electrodynamics. The "primitive divergences" are still 6nite in number and are listed in Fig. 2 . Of these, the one labeled u is the one that eGects the propagation function of the b quantum, and whose singularity determines the mass of the b quantum. In electrodynamics, by the requirement of electric charge conservation, " it is argued that the mass of the photon vanishes. Corresponding arguments in the b field case do not exist" even though the conservation of isotopic spin still holds. We have therefore not been able to conclude anything about the mass of the b quantum.
A conclusion about the mass of the b quantum is of course very important in deciding whether the proposal of the existence of the b field is consistent with experimental information. For example, it is inconsistent with present experiments to have their mass less than that of the pions, because among other reasons they would then be created abundantly at high energies and the charged ones should live long enough to be seen. If they have a mass greater than that of the pions, on the other hand, they would have a short lifetime (say, less than 10 " sec) for decay into pions and photons and would so far have escaped detection. "J.Schwinger, Phys. Rev. 76, 790 (1949) .
"In electrodynamics one can formally prove' that G&"k"=0, where G"" is defined by Schwinger's Eq. (A12). (G""A" is the current generated through virtual processes by the arbitrary external field A, . ) No corresponding proof has been found for the present case. This is due to the fact that in electrodynamics the conservation of charge is a consequence of the equation of motion of the electron 6eld alone, quite independently of the electromagnetic 6eld itself. In the present case the b 6eld carries an isotopic spin and destroys such general conservation laws.
